and a number of clinically active drugs are either natural products or have a natural product pharmacophore (Koehn and Carter, 2005) . Ethnopharmacological reports revealed a number of tropical plants to contain potent antimalarial agents (Onaku et al., 2011; Rasoanaivo et al., 2011) . In fact, the compounds most widely used to treat malaria, quinine and artemisinin, are originally derived from traditional medicine and plant extracts (Carmago et al., 2009 ). These suggest the need of exploring medicinal plants as leads for the development of new source of antimalarial agents.
Indigofera pulchra Willd (Papilionaceae) is an erect stiff, grey-pubescent softly wooded under-shrub that grows up to 1-1.5 m high. It is widely distributed from Senegal to Nigeria and over Eastern and central Africa from Ethiopia to Angola (Burkhill, 1995) . In ethnomedicine, the leaves are used to treat infected wound (Burkill, 1995) , while the decoction of the aerial parts is used to treat snake-bite (Sule et al., 2003) , inflammatory responses (Abubakar et al., 2007) and malaria (Adamu et al., 2005; Asase et al., 2005) . However, scientific information on the antimalarial activity from any part of this plant, and indeed other plants of Indigofera family, has not been documented. In this study, we report the in vivo anti-P. berghei activity of methanol extract and n-butanol fraction from I. pulchra leaves.
Materials and Methods
Plant material: I. pulchra fresh leaves was collected from Samaru-Zaria, Kaduna state, Nigeria in the month of August, 2010 and was identified to the species level at the herbarium unit of the Biological Sciences Department, Ahmadu Bello University Zaria-Nigeria where a voucher specimen (No. 410) was deposited. The leaves were thoroughly washed and shade-dried to a constant weight in our laboratory. The dried leaves were pounded to fine powder using pestle and mortar and then stored in dry containers until needed.
Samples preparation:
The air-dried powdered materials sample (500 g) was exhaustively extracted with 80% methanol (maceration) for a week. The extract was filtered using Whatman filter paper (No. 2) and concentrated on a Büchi rotary evaporator at 40°C under reduced pressure to yield a residue (52.0 g) referred to as methanol extract. Forty grams of the methanol extract was suspended in distilled water and filtered to get a water soluble part which was extracted with ethyl acetate (2 x 500 mL) followed by n-butanol (4 x 500 mL) to give 0.9 g and 2.4 g of ethyl acetate and n butanol fractions respectively.
Experimental animals:
The protocol employed met the guidelines governing handling of laboratory animals of Ahmadu Bello University, Zaria (ABUZ), Nigeria.
Thirty five male swiss albino mice weighing 18-22 g were obtained from the animal house of Department of Biochemistry, Faculty of Sciences, ABUZ, Nigeria. The animals were kept in well ventilated laboratory cages with 12 hours day/night cycles and maintained on a ration containing commercial poultry feed (Vital feeds, Jos). Water was also supplied ad libitum.
Plasmodium berghei and infection of experimental animals:
Blood stage samples of chloroquine sensitive P. berghei NK 65 used for this study was obtained from the Protozoology laboratory, Department of Veterinary Parasitology and Entomology, Faculty of Veterinary Medicine, ABUZ, Nigeria. It was maintained in our laboratory by serial passage in mice. The experimental animals were infected through an intraperitoneal injection of approximately 10 4 infected red cells in cold phosphate buffered saline (Ene et al., 2009 ).
In vivo anti-P. berghei study: Thirty five mice were randomly divided into seven groups of five mice each. Mice in six of the groups were each infected, while mice in the remaining one group were uninfected. A pair of infected groups was orally treated with 100 mg/kg body weight of the methanol extract and the n-butanol fraction whereas another pair of infected groups was orally treated with 200 mg/kg of the methanol extract and the n-butanol fraction. One infected group was treated with 25 mg/kg of chloroquine and the remaining group of infected mice was left untreated. All treatments were given daily from day 5 post infection (pi) to the end of the experiment on day 14 pi.
Samples collection and analyses:
Tail blood was collected daily for the estimation of parasitemia (Ene et al., 2009) using the Giemsa-stained thin blood smears technique and packed cell volume was determined using the microheamatocrit method at Days 0 and 14 pi .
Statistical analysis:
The results are presented as mean ± SD of five replicate values. Students' t-test was used to compare paired means and a difference was considered statistically significant when p<0.05.
Results
The parasitemia profile of infected groups treated with either the methanol extract, n-butanol fraction or chloroquine is presented in Figure 1 . The P. berghei parasites were first detected in all groups on Day 5 pi and progressively increased in the infected untreated group. All infected treated groups demonstrated a significantly (p<0.05) lowered number of parasitized erythrocytes than the infected untreated group throughout the experimental period except at day 6 pi where no siginificant difference (p>0.05) was observed with 100 mg/kg methanol extract treated group. However, the number of P. berghei infected red blood cells is consistently lower in the 200 mg/kg n-butanol fraction treated mice than other groups of treated mice. The P. berghei infection in this work caused significant (p<0.05) drop in the packed cell volume of infected mice, indicative of anemia but the severity of the anemia observed in the infected untreated group is significantly (p<0.05) higher than those of the methanol extract, n-butanol fraction and chloroquine treated animals ( Table I) . Furthermore, the 200 mg/kg nbutanol fraction treated group exhibited a significantly (p<0.05) lower degree of anemia than the methanol extract treated groups that was statistically similar to the chloroquine treated group. 
Parameters
Figure 1: Effect of I. pulchra leaves extracts on the course of P. berghei infection in mice. All Data are presented as mean ± SD. IPME and IPNBF means methanolic extract and n-butanol fraction of I. puchra leaves respectively
Discussion
Medicinal plants are important in the identification of chemical leads for the development of new generation of antimalarial drugs. We report herein the anti-P. berghei activities of leaves extract of I. pulchra, a plant use in the traditional treatment of malaria infection.
Most drugs and natural products with high in vitro activity may show no in vivo activity and vice versa, due to the biotransformation of plant materials that may convert active therapeutic molecules to inactive ones (Ibrahim et al., 2010) , we therefore tested the extracts for in vivo activity so that a safer statement on the antimalarial action of this plant can be made. The observed anti-P. berghei activity of I. pulchra extracts suggest that the extracts contain some phytochemicals that could interfere with the survival of the parasites in vivo. The ability of the n-butanol fraction to exhibit a consistently higher antimalarial activities than the methanol extract at all the doses tested might indicate that the active compounds are concentrated in the nbutanol fraction and/or the methanol extract contains some components that could antagonize the antimalarial compound(s) of this plant. However, fractionation with ethyl acetate successfully removed most of the antagonists and this is evident by the lack of anti-P. berghei activity of the ethyl acetate fraction (results not shown) as well as the enhanced activity of n -butanol fraction. Although this work did not involve active compound(s) determination but reagent-based chemical analysis of the methanol extract previously revealed the presence of flavonoids, tannins, saponins, steroids, triterpenes and dihydrostilbenes nucleus ( Musa et al., 2010) and previous reports have attributed the antimalarial activities of some plants to the flavonoids, tannins and triterpenes (Kayano et al., 2011; Ene et al., 2009 ). However, the ethyl acetate fraction has been found to contain flavonoids and tannins with no steroidal nucleus (Tanko et al., 2009 ) and thus, the antimalarial activity of the n-butanol fraction could be linked, at least in part, to the triterpenes and/or dihydrostilbenes. Previous phytochemical studies on the methanol extract of this plant led to the isolation of lupeol and dihydrostilbenes (Musa et al., 2008) .
The anemia observed in the P. berghei infected mice is an important feature of plasmodium infections (Becker et al., 2004) . Several factors contribute to the development of anemia among which is increased lipid peroxidation as a consequence of oxidative damage to the membrane components of erythrocytes (Dondorp et al., 1999; Omedeo-sale et al., 2003) . The amelioration of the P. berghei induced anemia by both the methanol extract and the n-butanol fraction could be linked to the reduction of number of parasitized erythrocytes caused by the extracts since a linear relationship was observed between the degree of parasitemia and severity of anemia in an anti-protozoan study (Ibrahim et al., 2010) . It is also possible that the extracts contain some antioxidative components that could prevent the P. bergheiassociated oxidative damage to erythrocytes components. We have previously observed the amelioration of P. berghei induced anemia by an antioxidant vitamin (Ibrahim et al., 2011) .
In conclusion, n-butanol soluble phytochemical(s) derived from the crude methanol leaves extract of I. pulchra possess anti-P. berghei activity and could ameliorate the disease-induced anemia.
